DAVF. All patients underwent a full neurological examination. The diagnosis of a DAVF was made based on findings of a digital subtraction, six-vessel cerebral angiographic study, which was interpreted by a neuroradiologist, with special attention directed to the venous phase. Hemorrhage, NHND, and death were considered aggressive phenomena. Chronic headache, congestive heart failure, bruit, and orbital symptoms were considered benign.
Clinical follow-up studies were conducted in a multidisciplinary clinic, which is attended by both neurosurgeons and interventional neuroradiologists. The patients were advised to undergo repeated angiography after treatment or following worsening of symptoms to exclude the development of CVD.
Results
Among the 117 patients harboring a benign cranial DAVF, there were 44 male and 73 female patients (51.5 Ϯ 19.6 years of age, mean Ϯ standard deviation). The different locations of the lesions are outlined in Table 1 . In the majority of cases (95.7%) the DAVFs were related to a major sinus.
The patients' initial presenting symptoms are summarized in Table 2 . One hundred fifteen patients were asymptomatic or presented with chronic headache, bruit, or orbital phenomena. Two infants presented with congestive heart failure due to the high flow through the fistula. No patient was found to have a hemorrhage or an NHND. Follow-up data were available in 112 patients (95.7%) and covered 348.1 patient-years (median 27.9 months, range 1 month-17.5 years). Observational management was chosen for 73 (62.4%) of the 117 patients. Five patients were lost to follow-up review and were therefore excluded from this review. Observation resulted in tolerable, stable disease in 67 (98.5%) of the remaining 68 patients. One patient (1.5%) experienced a seizure during the follow-up period as a result of an intracerebral hematoma after development of CVD.
Endovascular embolization was performed in 43 (36.8%) of the 117 patients, aimed at palliation of unbearable symptoms or pressing ophthalmological phenomena. In 15 patients, multiple (up to four) treatment sessions were required to obtain a satisfactory result. Surgical therapy was performed in one patient (0.9%). Treatment resulted in a tolerable level of disease in all but one patient. That patient died a few years after undergoing palliative embolizations, most likely as a result of venous congestion.
Long-term angiographic follow-up review was performed in 50 patients because of a sudden or unexpected change in symptoms. A changed venous drainage pattern was revealed in five cases that had been managed conservatively; in two of these cases angiography demonstrated conversion of the benign DAVF into a lesion with CVD. Both cases were treated by disconnection of the CVD.
Complications occurred after two diagnostic angiographic sessions and after four palliative embolizations (Table 3) . There was one asymptomatic arterial embolus; the five other complications were transient.
Discussion
It is generally accepted that the presentation of a DAVF is dictated by its venous drainage pattern. The correlation between the presence of CVD and grave neurological events or death is well known. Venous ectasias of refluxing pial veins, venoocclusive disease in an involved dural sinus, and galenic venous drainage are associated with an aggressive presentation. 1, 13, 14, 18, 20 In itself, the anatomical location of a DAVF has no direct correlation with aggressive events, although this was suggested in the past. It seems more appropriate to state that, in some locations, due to the local venous anatomy DAVFs have a higher likelihood of developing CVD with all its consequences. 1, 3, 18 Based on the venous features of DAVFs, several classifications have been proposed, 2, 6, 17 each of which is useful in estimating the severity of the disease and in determining an indication for treatment. 9 A factor mostly ignored by these scales is the presence of venous congestion of the brain. This concept was suggested by Gelwan, et al., 11 in 1988 in their explanation of two cases with papilledema, and was further elaborated by Cognard and associates 5 and by Hurst and colleagues. 15 Willinsky, et al., 26 highlighted the presence of tortuous, engorged veins on cerebral angiograms in a case of venous congestion and labeled this the pseudophlebitic pattern. Regarding the course of the disease after presentation of DAVFs without CVD, only two publications have been published that contain clinical and angiographic followup data. Davies and coworkers 8 have reported their experience with a cohort of 54 patients who harbored DAVFs without CVD over a mean follow-up period of 33 months. One (2%) of these patients died after receiving palliative endovascular treatment; however, in that case there was no angiographic evidence of conversion into a lesion with CVD. This unusual course of a predicted benign disease was attributed to venous hypertension caused by functional obstruction of the superior sagittal sinus. Cognard and associates 7 reported on their experience with seven patients who initially presented with a DAVF without CVD, but these authors did not mention the number of patients in the entire group. Five patients underwent embolization with particles, one patient proximal ligation of the occipital and middle meningeal artery, and one patient conservative management. A worsening in the venous drainage pattern was observed in all these patients during a follow-up period ranging from 1 month to 20 years (mean 7 years). In two patients who underwent embolization there was a change from antegrade to retrograde flow into the draining sinus and in five cases CVD developed. In all cases, the change in venous pattern was accompanied by a worsening of clinical symptoms. Unfortunately, without knowing the total number of patients in this series, it is impossible to calculate the frequency of progression that is associated with more severe venous drainage.
In the present study, cranial DAVFs that appeared on the initial angiogram without any sign of CVD were categorized as benign. Chronological changes in clinical symptoms and angiographic features in 117 patients harboring a benign cranial DAVF were evaluated. None of the patients presented with either intracranial hemorrhage or NHND and, therefore, the preferred management of these lesions was conservative. Palliative treatment, the goal of which was never a cure, was performed if the patient experienced intolerable symptoms or if there were pressing ophthalmological indications. Using this conservative management, 98% of patients achieved a tolerable level of disease.
Venous thrombosis is likely to be a key factor in the existence and development of cranial DAVFs. 4, 13, 21, 22 Along with additional venous hypertension, venous thrombosis has been shown to contribute to the genesis of de novo cranial DAVFs in experimental studies. 12, 24 Histologically, thrombosis was demonstrated in all surgical specimens of involved dural sinuses (nine cases). 25 Regarding the pathophysiological basis of spontaneous resolution of cranial DAVFs, again progressive thrombosis and possible intracranial hemorrhage have been mentioned as causative. 16, 19 Among others, Piton, et al., 23 suggested the theory of staged progression in the disease course of cranial DAVFs. In this concept, venoocclusive changes (thrombosis) in a dural sinus following trauma or surgery promote the growth of the dural arteries and generate the DAVF, followed by progressive restriction in venous drainage and spontaneous closure.
In five cases in our series, angiography demonstrated changes in the venous drainage patterns due to progressive thrombosis of venous outlets. In three patients harboring cavernous sinus DAVFs (one treated with observational management and two with palliative embolization) alterations in the direction of sinus drainage from antegrade to retrograde were identified; these alterations subsequently resolved spontaneously. In two other conservatively managed cases (one patient with a transverse sinus lesion and one with a cavernous sinus lesion), angiography revealed conversion into a lesion with CVD; this conversion was associated with symptom resolution in the first case and symptom aggravation in the latter. This illustrates that benign DAVFs have a 2% potential for angiographically verified conversion, even without treatment. All five cases in which there was angiographically verified conversion were associated with progressive thrombosis in the affected sinus and not with an increase in arterial flow or with de novo arteriovenous shunts, as described by Cognard and associates. 7 Stenosis or thrombosis of the venous outlets, a factor reported to forecast later worsening, 7 was not present on the initial angiogram in the converted cases. Based on this series, however, it is not possible to calculate the exact rate of angiographic conversion, because less than half of the patients underwent repeated angiography. Nevertheless, the majority (98%) of the benign cranial DAVFs followed their predicted benign clinical course.
Conclusions
The disease course of a cranial DAVF without CVD is indeed benign, obviating the need for a cure of these lesions. Symptoms are well tolerated when either observation or palliative treatment is applied. After long-term follow up, conservative management resulted in a benign and tolerable level of disease in 98% of cases. Nevertheless, a benign DAVF carries a 2% risk for the development of CVD, mandating close clinical follow-up review of such cases and renewed radiological evaluation if there is any worsening of symptoms.
